A B S T R A C T Jejunal absorption of calcium, water, and electrolytes was measured in 10 normal subjects by the triple-lumen perfusion method. During the control period, water and electrolyte movements were minimal when a bicarbonate-free test solution was infused. By contrast, bicarbonate-containing solutions were readily absorbed in the control period. Intravenous infusion of synthetic salmon calcitonin (SCT) (1 Medical Research Council U/kg wt/h) over 110-120 min resulted in a marked jejunal secretion of water, sodium, potassium, and chloride in 8 of the 10 subjects. This jejunal secretion occurred with both the bicarbonate-free and the bicarbonate-containing test solutions. Calcium absorption was not affected by SCT, and the serum calcium concentration did not fall during SCT infusion. These results suggest that diarrhea in patients with medullary
INTRODUCTION
Several lines of evidence suggest that gastrointestinal hormones may be mediators of thyrocalcitonin release and that thyrocalcitonin may influence gastrointestinal function. First, in experimental animals, gastrin and possibly other gastrointestinal hormones act as secretagogues for the release of thyrocalcitonin (1) . A stimulus for this gastrin-thyrocalcitonin interaction is apparently the presence of calcium ions within the gastrointestinal tract (2) . Second, thyrocalcitonin has been reported to alter the rate of calcium absorption. Specifically, 'Ca absorption in the rat intestine in vitro was depressed by thyrocalcitonin (3) , and the fecal excretion of calcium was decreased by the administration of pharmacologic Receized for publication 21 May 1973 and i) revised form 20 July 1973.
amounts of thyrocalcitonin to patients with Paget's disease (4) . Third, patients with medullary carcinoma of the thyroid have very high levels of thyrocalcitonin, and many of these patients have severe diarrhea (5, 6) . Although it has not been previously suggested that this diarrhea is due to thyrocalcitonin excess, the occurrence of gastrointestinal symptoms in patients with medullary carcinoma of the thyroid raises the possibility that thyrocalcitonin may have an effect on gastrointestinal motility and/or on the absorption of water and electrolytes.
The purpose of our studies was to determine the influence of synthetic salmon calcitonin (SCT)' on net transport of water, electrolytes, and calcium in the jejunum of normal human subjects.
METHODS
Absorption in a 40 cm segment of proximal jejunum was studied by the triple-lumen perfusion system that has been previously described in detail (7, 8) . The The first five subjects were perfused with an isotonic bicarbonate-free test solution designed, on the basis of previous studies (9) , so that net water and sodium movement would be near zero in the control period. This solution contained NaCl (116 mM), KCl (4 mM), mannitol (35 mM), calcium gluconate (5 mM), and PEG (5 g/liter). The experimental protocol was 7 h in duration and consisted of the following: equilibration (1 h), control The rate of intestinal perfusion was 11 ml/min in all subjects. Test solutions containing bicarbonate were bubbled with 5% C02-95% 02 for 30 min before and during the experiments. Intestinal samples were aspirated from the proximal and distal apertures of the tube at a rate of 1 ml/min into plastic syringes that were capped immediately after the collection of each 30 min pool.
Salmon calcitonin 2 (SCT, 'AL0997) (1 Medical Research Council U/kg wt/h) was diluted in 0.9% saline and infused i.v. at the rate of 0.5 ml/miin Equal volumes of saline were infused during the control and postinfusion periods in all subjects.
Blood samples were obtained serially throughout the experiments and centrifuged. The sera were stored at -20°C until analysis was performed.
The fluid aspirated from the intestine was analyzed for pH, osmolality, and concentrations of electrolytes and PEG by methods that have been previously described (7) (8) (9) (10) .
Serum and intestinal calcium concentrations were determined by atomic absorption spectrophotometry as described elsewhere (11). Absorption or secretion rates were calculated from the perfusion rate, the change in concentration of the nonabsorbable marker, and the change in concentration of electrolytes and calcium (7) (8) (9) (10) (11) 
RESULTS

Movement of water and electrolytes
Control period. As shown in Table I and Fig. 1 , the net movements of water, sodium, and potassium with the bicarbonate-free solution were near zero, which is consistent with the design of the perfusion solution. Chloride was absorbed, and bicarbonate was secreted at rates of about 4 meq/h/40 cm. The net movement of these anions was in the direction favored by the concentration gradients of chloride and bicarbonate across the intestinal mucosa.
With the bicarbonate-containing test solution water and sodium were readily absorbed (Table I and Fig. 1 ). These observations are consistent with previous reports that the presence of bicarbonate in the luminal fluid stimulates sodium absorption, most likely through a stimulation of Na-H exchange (12) .
SCT infusion. SCT infusion was associated with jejunal secretion of water, sodium, potassium, and chloride in 8 of the 10 subjects. Individual values for water movement before, during, and after the SCT infusion in both groups of subjects are depicted in Fig. 1 .
The mean value for water secretion with the bicarbonate-free solution (Table I ) was 64 ml/40 cm/h, which is an eightfold increase over the slight rate of water secretion in the control period. Comparable increases in the sodium and potassium secretion also occurred. Chloride, which was absorbed during the control period (down a concentration gradient), was secreted during the SCT infusion (against a concentration gradient). The rate of bicarbonate secretion increased from a con- Statistical analyses: In the subjects given the bicarbonatefree solution, the changes during the SCT infusion for AH20 were significant at P < 0.05 and for ANa and AK at P < 0.01. In the subjects given the bicarbonate-containing solution, the changes during the SCT infusion for AH2O, AK, and ACI were significant at P < 0.05 and for ANa at a P of <0.01. Combined analysis of 10 subjects showed the changes during SCT infusion for AH20, A.Na, AK, and ACd to be significant at P < 0.005 whereas AHCO3 was significant at P < 0.02. Other changes were NS.
* Mean values (+ 1 SEM) expressed as ml/40 cm/h for water, mmol/40 cm/h for calcium, and meq/40 cm/h for electrolytes.
(-) = net absorption and (+) = net secretion.
trol value of 4 to a value of 6.5 meq/h/40 cm during SCT infusion. The influence of SCT infusion on net water and electrolyte movement was greater when the bicarbonatecontaining solution was infused (Table I) . Water and electrolytes were uniformly absorbed in the control period, whereas secretion of water, sodium, and chloride occurred with SCT. The difference in the mean control and SCT infusion values for water movement is 101 ml/40 cm/h, nearly double the response observed with the bicarbonate-free solution. Changes of a comparable magnitude occurred in the movement of sodium and chloride. Potassium and bicarbonate absorption were markedly diminished, to values near zero, during SCT infusion.
As indicated in Fig. 1, 8 of the 10 subjects exhibited a secretory response during the SCT infusion. Two subjects, one in each group, had no response to the SCT infusion. When the paired differences of the 10 subjects were analyzed as a single group, the changes during the SCT infusion of the movement of water, sodium, potassium, and chloride were highly significant (P < 0.005).
Similarly, the changes in bicarbonate movement were significant at a P value of < 0.02.
Postinfusion period. The mean values for the movement of water and all electrolytes returned toward the control level in the postinfusion period.
pH and bicarbonate concentrations
The pH values of luminal fluid, collected from the distal aspiration site during perfusion of the bicarbonatefree solution, varied between 6.83 and 7.07. With the bicarbonate-containing solution, pH varied between 7.00 and 7.29. The pH and bicarbonate concentration of luminal fluid were slightly but significantly higher (P < 0.05) during SCT infusions than in the control periods, in agreement with the decreased rate of bicarbonate absorption noted above.
Calcium absorption
Calcium was absorbed with both test solutions during the control period ( (unpublished observations, Dr. Gray) showed that it led to little or no fall in the serum calcium level under similar circumstances. The absence of a fall in the serum calcium permitted us to observe the effects of the infused SCT without the added influence of hypocalcemia. The blood levels of SCT attained by our infusion of SCT can be estimated from the distribution vplume and halflife of SCT. Assuming a distribution volume equal to that of the extracellular fluid and a half-life of approximately 20 min, it is estimated that the blood concentration of SCT ranged from several hundred picograms per milliliter during the early part of the infusion to a few nanograms toward the end of the infusion. These levels are lower by 10-to 20-fold than the blood levels of thyrocalcitonin reported in patients with medullary carcinoma of the thyroid gland (5, 6) . The selected dose of SCT approximates that currently used for the treatment of Paget's disease (4) and is less than that reported to reduce gastric acid secretion (13).
Initially we thought that the jejunal absorption of calcium might be altered by SCT since earlier reports suggested alterations in the intestinal transport of calcium by thyrocalcitonin (3, 4) . No statistically significant alteration in the rate of jejunal calcium absorption during SCT infusion was found. The differences between our results and previous reports may be methodologic (in vivo vs. in vitro methods), related to species differences, to the duration of treatment, or to dosage employed. In any event, our results provide no evidence that thyrocalcitonin regulates directly the intestinal absorption of calcium. Indirect influences of a chronic nature, such as an effect of thvrocalcitonin on the renal hvdroxylation of vitamin D metabolites, have been suggested by other workers (14) .
The most striking finding in the present studies is that the SCT infusion induces a marked jejunal secretion of water, sodium, chloride, and potassium and reduces jejunal bicarbonatae absorption. The effect of SCT is prompt, being noted during the Ist h after SCT infusion was started, and it is reversible since net movement of water and electrolytes returned toward control within 1 h after SCT infusion was stopped.
The mechanism of this secretory process is not knowni.
although chloride was secreted against a concentration gradient when the bicarbonate-free test solution was infused (i.e., chloride was secreted even though luminal chloride concentration was 20-25 meq/liter higher than in plasma). This suggests that SCT induces active chloride secretion. Proof of this hypothesis must await simultaneous measurements of net ion transport and potential 3The half-life of SCT in man is estimated from a consideration of the comparative half-lives of salmon and porcine hormones in experimental animals and the half-life of porcine thyrocalcitonin, 2.4 min, in man (1). difference across the jejunal mucosa under experimental conditions where water movement cannot affect net chloride movement by solvent drag (9) .
The fact that SCT infusion results in jejunal secretion of water and electrolytes suggests that high blood levels of thyrocalcitonin might induce diarrhea. Indeed, the rates of fluid secretion during SCT infusion, 60-100 ml/40 cm/h, are compatible with the production of severe diarrhea when extrapolated over the 300 cm of human small intestine, even allowing for possible colonic reabsorption of a fraction of the secreted fluid. Furthermore, two of five subjects given the same dose of SCT after the ingestion of a normal meal (but not receiving intestinal infusion of test solution) developed diarrhea within 1-2 h of the cessation of the SCT infusion (15) .
These considerations suggest that the diarrhea of some subjects with medullary carcinoma of the thyroid may be explained by intestinal secretion secondary to high blood levels of thyrocalcitonin. Diarrhea in these patients is typically watery and large in volume. These features are characteristic of a secretory diarrhea (16) . The fact that two of our normal subjects did not secrete in response to SCT is consistent with the observation that not all paients with this neoplasm have diarrhea and that the diarrhea may be intermittent. Others have attributed the diarrhea of medullary carcinoma of the thyroid to prostaglandins, which are present in excessive amounts in tumor extracts and the blood of these patients (6) . It is, of course, possible that both prostaglandins and thyrocalcitonin may contribute to the diarrhea of these patients, but our data suggest that elevated blood levels of thyrocalcitonin alone might explain a secretory diarrhea.
